Abstract Psychosocial factors such as anxiety or optimism may be related to the risk of adverse pregnancy outcomes, but the evidence is conflicting. We investigated the relation between maternal anxiety, optimism, gestational age and infant birth weight in a cohort of 667 nulliparous women from the Prenatal Exposures and Preeclampsia Prevention study, Pittsburgh PA. Women completed the Spielberger Trait Anxiety Inventory and the Life Orientation Test at 18 weeks gestation. Linear and logistic regression models assessed the relation of anxiety and optimism to gestational age, birth weight centile, preterm delivery (\37 weeks) or small for gestational age (\10th percentile) births. After adjustment for age, race, preeclampsia, and smoking, higher anxiety was associated with decreasing gestational age (-1.6 days per SD increase in anxiety score, P = 0.06). This relationship was modified by maternal race (P \ 0.01 for interaction). Among African American women, each SD increase in anxiety was associated with gestations that were, on average, 3.7 days shorter (P = 0.03). African American women with anxiety in the highest quartile had gestations that were 8.2 days shorter, and they had increased risk for preterm birth after excluding cases of preeclampsia (OR 1.69, 95% CI 1.08, 2.64). There was no association between anxiety and gestational age among White women. There was also no relation between anxiety, optimism and birth weight centile. Trait anxiety was associated with a reduction in gestational age and increased risk for preterm birth among African American women. Interventions that reduce anxiety among African American pregnant women may improve pregnancy outcomes.
Preterm birth and fetal growth restriction are dominant determinants of neonatal morbidity and mortality, affecting 5-25% of births worldwide [1] . Rates of preterm birth continue to increase despite decades of research [2] . Physiologic mechanisms that may cause early parturition have been studied extensively, but far less is understood about how psychosocial factors may be related to adverse pregnancy outcomes. Although preterm birth and fetal growth restriction are thought to have distinct pathogeneses, risk factors overlap. Maternal smoking [3] [4] [5] , nulliparity [5, 6] , low socio-economic status [7, 8] , and lean maternal body mass index [6, 9] are risk factors for both preterm birth and growth restriction. Additionally, African American women suffer greater rates of preterm birth and growth restriction [5, 10, 11] . There is increasing evidence that measures of stress-related emotions such as anxiety may also be related to the risk of adverse pregnancy outcomes, including low birth weight or preterm delivery [12] [13] [14] [15] [16] [17] [18] [19] [20] . In addition, one small study of high risk pregnant women indicated that maternal dispositional optimism was related to infant birth weight [21] .
A recent meta-analysis indicated that there were still significant gaps in the studies relating anxiety symptoms during pregnancy to adverse perinatal outcomes [22] . Conflicting results may be due in part to methodological issues such as assessment of anxiety symptoms late in pregnancy and small sample sizes. In addition, few studies evaluated distinct outcomes such as preterm birth and growth restriction. Finally, very few studies of anxiety during pregnancy have simultaneously evaluated dispositional optimism which may be a marker of a woman's resiliency and therefore her likelihood to adopt health promoting behaviors.
The goal of this study was to investigate the separate and joint effects of prospectively assessed trait anxiety and dispositional optimism on gestational age and infant birth weight centile. We hypothesized that these psychosocial markers are related to the risk of preterm or growth restricted births as measured by small for gestational age (SGA) independent of the effects of race, socioeconomic status and lifestyle factors.
Methods and Materials
The Pregnancy Exposures and Preeclampsia Prevention (PEPP) study is a prospective study of women enrolled at \21 weeks and followed through the post partum visit. A total of 2812 women were recruited from clinics and private practices from 1997 to 2006. The study was approved by the institutional review board, and all participants provided written informed consent. Beginning in 2002, a psychosocial component was added to the structured interview and enrollment was limited to nulliparous women. Of 942 women eligible for the study after 2002, 795 (84.4%) agreed to participate. These analyses include women who delivered at Magee-Womens Hosptial in Pittsburgh PA (n = 702) without chronic hypertension (n = 7) who completed the psychosocial instruments (n = 667, 95.0%).
The enrollment interview occurred, on average, at 17.6 weeks gestation (SD 3.9 weeks). As part of this interview, women were asked to complete the Speilberger Trait Anxiety Inventory (STAI), a standard self-report 10 item tool to assess relatively stable individual differences in anxiety proneness [23, 24] . Women also completed the Life Orientation Test (LOT-R) which is a standard 10 item tool to assess dispositional optimism that has been used extensively in studies of stress and health [21, 25] . Mean scores of these instruments were evaluated, and the primary analysis evaluated each construct as a continuous variable (per SD change). Results divided by quartiles were considered to evaluate threshold effect.
Gestational age was assessed upon delivery based on early pregnancy ultrasounds, and preterm births were those \37 completed weeks. Term births were C37 weeks gestation. Small for gestational age infants were those below the 10th percentile of weight according to nomograms based on race, gender and gestational age from a reference population of over 10,000 infants delivered at MageeWomens Hospital in Pittsburgh PA. Birth weight centile and gestational age were also considered as continuous outcomes.
Covariates
Covariates considered were maternal age at delivery, education (less than high school for women older than 19 who did not complete high school, high school, or [high school), smoking during pregnancy (none, B10 cigarettes per day, [10 cigarettes per day), marital status, and race/ ethnicity. Due to the small number of women who reported their race/ethnicity as other than African American or White (n = 15), results are reported for African American women vs. White and other. Receipt of public assistance was reported as yes if anyone in the household received Medicaid, food stamps, cash assistance or public housing at the time of the interview. Measured height and reported pre-pregnancy weight at the intake visit were used to calculate pre-pregnancy BMI (kg/m 2 ), and women were classified as underweight (\18.5), normal weight (18.5-24.9), overweight (25-29.9), or obese (C30) [26] Preeclampsia during the study pregnancy was considered as de novo systolic blood pressure [140 mmHg and/or diastolic blood pressure [90 mmHg on at least two occasions, accompanied by proteinuria and elevated uric acid [27] .
Statistical Analysis
Mean scores of the anxiety and optimism measures were compared according to maternal characteristics via student t tests or ANOVA. Pearson correlations were used to evaluate the relation between anxiety, optimism, gestational age and birth weight centile. Separate multivariable linear regression models were built to assess the independent association between anxiety, optimism and gestational age or birth weight centile. We also constructed logistic models to evaluate the relation between these psychosocial measures and preterm birth or SGA. We evaluated the measures of anxiety and optimism as continuous variables (per standard deviation (SD) of change) and as the highest quartile of anxiety (Speilberger [20 vs. B20) and the lowest quartile of optimism (LOT-R \ 12 vs. C12) in linear and logistic models. We fit parsimonious regression models by specifying full models with potential confounding variables (all covariates were considered), and potential confounders were included if they changed the coefficient (linear regression) or the odds ratio (logistic regression) associated with either anxiety or optimism by [10%. A P-value of \0.05 defined statistical significance. Effect measure modification was evaluated using the likelihood ratio test (P \ 0.10). Data were analyzed using SAS software version 9.2 [28. ]
Results
Most women in the study were between the ages of 18 and 25, had more than a high school education, and were unmarried. (Table 1 ) More than half reported receipt of public assistance and approximately 30% were African American. About 10% of births were preterm and 12.0% were SGA. Overall, the mean score on the anxiety inventory was 17.5 (SD 4.9) and the mean of the optimism index was 14.9 (SD 3.7). Measures of anxiety and optimism were highly inversely correlated (r = -0.67, P \ 0.01); 67% of women with anxiety in the highest quartile reported optimism in the lowest quartile.
Anxiety was higher and optimism was lower among women not married and those who reported receipt of public assistance (Table 1) . Anxiety was higher and optimism was lower among women with fewer years of education (P for trend \0.01) and as smoking levels increased (P for trend \0.01). Women age 18 to \25 had higher levels of anxiety and lower levels of optimism compared to other age groups. In addition, African American women were somewhat more likely to report anxiety scores in the highest quartile compared to White women (29.0% vs. 22.5%, P = 0.07). The prevalence of low optimism, however, did not vary by race (P = 0.57). There were no significant differences in anxiety or optimism scores among women with preterm or SGA births, although women who developed preeclampsia tended to have lower anxiety scores and were less likely to report anxiety in the highest quartile.
As anxiety scores increased, gestational age at birth decreased (Table 2) . After adjustment for age, race, preeclampsia, and smoking (covariates that met our a priori criteria) each SD increase in anxiety score was associated with gestations that were, on average, 1.6 days shorter (P = 0.06). Women with anxiety in the highest quartile (STAI [ 12) has gestations that were 3.3 days shorter compared to women with anxiety scores below this threshold (P = 0.03).
There was strong evidence that the relationship between anxiety and gestational age at birth was modified by maternal race (P \ 0.01 for interaction). When stratified by maternal race, the association between anxiety and gestational age appeared to be particularly relevant among African American women (Table 3 ; Fig. 1 ). For each SD increase in anxiety score, gestational age decreased among African American women by 3.7 days (P \ 0.01). African American women with high anxiety (STAI [ 12) , had gestations that were 8.2 days shorter compared to women with anxiety below this level (P \ 0.01). There was no relationship between anxiety scores and gestational age among White women.
There was a modest association between increasing anxiety and the risk of preterm birth among African American women (OR 1.48, 95% CI 0.96, 2.28), adjusted for covariates. After excluding cases of preeclampsia, the magnitude of this association increased (OR 1.69, 95% CI 1.08, 2.64). There was no association between anxiety and preterm birth among White women (OR 1.04, 95% CI 0.74, 1.47), and these results were unchanged after excluding cases of preeclampsia.
There was no association between optimism and gestational age in the study population (Table 2) , nor was there evidence that this relationship was modified by maternal race (0.23 for interaction). In addition, there was no relation between anxiety or optimism and birth weight centile.
Discussion
Our findings suggest that trait anxiety assessed at 18 weeks gestation was associated with a reduction in gestational age at birth among African American women but not among White women. In addition, non-preeclamptic African American women with higher anxiety appeared to have an increased risk for preterm birth. Neither anxiety nor optimism were associated with birth weight centile in our study.
Anxiety is the most common psychiatric disorder among women [29] , and maternal anxiety has been related to both pregnancy outcomes as well as child health and development [30] . Most but not all studies report a relation between anxiety or stress and preterm birth [12, 13, 17, 20, 31] . Anxiety is an emotional response to stress [32, 33] , and because we had no direct measures of stress we were unable to disentangle the cause of the anxiety nor directly evaluate the effects of trait anxiety and current stressors. In addition, some investigators have indicated that pregnancyrelated anxiety or stress may be more importantly related to adverse pregnancy outcomes than trait anxiety [34] although to our knowledge these have not been directly compared. A recent meta-analysis indicted that anxiety symptoms during pregnancy were most strongly related to depressive symptoms and social support and thus associated with the same factors as anxiety outside of pregnancy [22] . Thus, although stress during pregnancy has a demonstrated association with preterm birth, generalized anxiety may also be important. Our results suggest that this may be particularly relevant for African American women.
In our data, similar to others, low optimism and high anxiety were strongly correlated with measures of socioeconomic disadvantage. Studies of populations with low preterm birth rates and less economic disparities have reported little or no association between maternal anxiety and preterm birth [35, 36] . In contrast, studies in the U.S. for the most part have reported a relation between stress or anxiety and preterm birth, especially among African American women [20] . Our results are consistent with these findings, and raise the intriguing possibility that African American women may be more likely to report higher trait anxiety compared to white women, while rates of low optimism did not vary by race. The fact that anxiety in our study was associated with gestational age but not with growth restriction is consistent with other reports [19, 31, 37] . Differential effects of anxiety therefore may be related to different etiologies of preterm birth and SGA. For example, chronic anxiety and stress during pregnancy have been related to elevated CRH [38] and proinflammatory cytokines that affect immune responses that are important in preterm birth [14, 15] . In contrast, for preeclampsia (which actually had an inverse relationship with anxiety in our study) and growth restriction anxiety may not be as important a pathway, although future studies should explore this possibility.
Our results should be considered preliminary as they are based on a modest size study population which limited the precision of our estimates. Although our assessments of anxiety and optimism were based on validated tools administered prospectively, we were limited to only one antenatal assessment. One study demonstrated that trait anxiety was relatively stable across gestation among medically high risk women [21] . As pregnancy progresses, however, women are less physiologically and psychologically reactive to stress [39] , and one recent study indicated that the pattern of anxiety and stress during pregnancy is related to preterm birth risk [18] . We assessed anxiety and optimism at mid-gestation before clinical indication of complications would affect these dispositional traits and therefore they were assessed with minimal bias. Future studies, however, should assess these characteristics longitudinally. Our study was unique in that we prospectively assessed both anxiety and optimism, and we limited our study to nulliparous women and therefore reduced bias introduced by previous pregnancies [33] . We also evaluated many important lifestyle and health behavior traits, and our population was diverse in terms of race and socioeconomic status.
Our results indicate that trait anxiety is associated with socioeconomic disadvantage and high rates of smoking among pregnant women. After accounting for these factors, however, anxiety was independently associated with reductions in gestational age. Gestational age is a more precise marker of fetal maturity than birth weight, and each additional week of gestation, even after 37 completed weeks, is associated with improved newborn survival [40] . Thus, on a population level even modest reductions in gestational age impair neonatal health. Intervention research to screen and equip pregnant women, especially African American women, to manage anxiety is an important next step to determine whether reducing anxiety has a direct effect on gestational age and preterm birth risk.
